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HYBRID PON/SURFACE WAVE
TERRESTRIAL ACCESS

RELATED APPLICATIONS

Not applicable

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

Not applicable

MICROFICHE APPENDIX

Not applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention 1s related to the field of communications, and
in particular, to communication network architectures and
Services.

2. Description of the Prior Art

High bandwidth communication usage 1s 1ncreasing rap-
1idly. The current last-mile link to a customer site for high
bandwidth communications 1s typically a wireless link, coax
cable, or DSL service. Each of these last-mile access tech-
nologies may have drawbacks that prevent the fulfillment of
all the customers needs. For example, DSL access may be
geographically limited.

Therefore there 1s a need for a different architecture for
distributing high bandwidth communication signals to a cus-
tomer site.

SUMMARY OF THE INVENTION

A system and method for distributing high bandwidth sig-
nals 1s disclosed. The system and method use electrical trans-
mission lines to distribute high bandwidth RF signals. The RF
signals are sent along the electrical transmission lines using
surface wave transmission. RF/Optical converters located
along the electrical transmission lines are used to convert the
RF signals into optical signals. Passive optical networks
(PON) are used to transmit the optical signals between the
RFE/Optical converter and a customer site or location.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a flow chart for a method of distributing commu-
nication signals to a customer site 1n one example embodi-
ment of the current invention.

FI1G. 2 1s a flow chart for a method of distributing commu-
nication signals to a plurality of customer sites in another
example embodiment of the current invention.

FI1G. 3 1s a flow chart for a method of distributing commu-
nication signals from a service node in another example
embodiment of the current invention.

FI1G. 4 15 a flow chart for a method of forming a commu-
nications network in an example embodiment of the mven-
tion.

FIG. 5 15 a block diagram of a communications system in
an example embodiment of the invention.

FIG. 6 1s a block diagram of a communication system in
another example embodiment of the invention.

FI1G. 7 1s ablock diagram of a communication system using,
linear topology 1n an example embodiment of the current
ivention.
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2

FIG. 8 1s ablock diagram of a communication system using,
ring topology i an example embodiment of the current inven-
tion.

PR.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

FIGS. 1-8 and the following description depict specific
examples to teach those skilled 1n the art how to make and use
the best mode of the invention. For the purpose of teaching
iventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate
variations from these examples that fall within the scope of
the invention. Those skilled in the art will appreciate that the
teatures described below can be combined 1n various ways to
form multiple vanations of the invention. As a result, the
invention 1s not limited to the specific examples described
below, but only by the claims and their equivalents.

One way that companies are distributing high bandwidth
signals 1s by using the current electrical distribution system as
a distribution network for RF signals. The RF signals are
transmitted along the electrical transmission lines using sur-
face wave technology. Surface waves are electromagnetic
waves that travel or propagate along the surface of a cylindri-
cal wire. One example of surface wave use 1s G-line trans-
mission of broadband TV signals. An extension of G-line
transmission 1s E-line transmission developed by Glen
Elmore at Hewlett-Packard Co. E-line transmission 1s a low
cost low loss distribution system for wide band RF signals.
Information on E-line transmissions can be found at http://
www.corridor.biz. By linking an RF distribution system that
uses electrical transmission wires with a low cost passive
optical network (PON) that connects to a customer site, high
bandwidth signals can be made available almost anywhere
that electrical power 1s available. A PON 1s typically an opti-
cal network that does not require any active electronics such
as repeaters.

FIG. 1 1s a flow chart for a method of distributing commu-
nication signals to a customer site 1n one example embodi-
ment of the current invention. At step 102 a plurality of RF
signals are distributed along an electrical transmission line to
a first location using surface wave transmission. At step 104,
at the first location, the plurality of RF signals are converted
to a first set of optical signals. At Step 106 the first set of
optical signals are distributed to a first customer site using a
passive optical network (PON).

FIG. 2 1s a tlow chart for a method of distributing commu-
nication signals to a plurality of customer sites in another
example embodiment of the current invention. At step 202 a
plurality of RF signals are distributed along an electrical
transmission line to a plurality of locations using surface
wave transmission. At step 204, at a first one of the plurality
of locations, the plurality of RF signals are converted to a first
set of optical signals. At Step 206 the first set of optical signals
are distributed to a first customer site using a passive optical
network (PON). At step 208, at a second one of the plurality
of locations, the plurality of RF signals are converted to a
second set of optical signals. At Step 210 the second set of
optical signals are distributed to a second customer site using
a passive optical network (PON). In one example embodi-
ment of the current invention there may be multiple customer
sites connected to one RE/Optical converter using the PON.
In another example embodiment of the current invention
there may be multiple RF/Optical converter at one location
teeding multiple customer sites. Each RF/Optical converter
may have 1ts” own passive optical network that links the
RF/Optical converter to a customer site. Or there may be only
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one PON connecting multiple RF/Optical converters to mul-
tiple customer sites at the one location.

In one example embodiment of the current invention, all of
the RF signals traveling along the electrical transmission line
are converted to optical signals at each of the RF/Optical
converters. In another example embodiment, only a subset of
the RF signals traveling along the electrical transmission line
are converted into optical signals at each of the RF/optical
converters. There may be a different subset of the RF signals
converted 1into optical signals at each of the different RF/Op-
tical converters or there may be a number of locations where
the same subset of RF signals are converted into optical
signals. One way to separate a subset of signals from the
plurality of signals 1s with a band pass filter. Each location
that converts a subset of the plurality of RF signals may have
one or more band pass filters used to separate the signals for
that location. Other separation methods may be used.

FI1G. 3 1s a flow chart for a method of distributing commu-
nication signals from a service node in another example
embodiment of the current mvention. At Step 302 a service
node 1s linked to a first location along an electrical transmis-
s1on line using a passive optical network (PON). At step 304
a plurality of optical signals are sent from the service node to
the first location using a passive optical network (PON). At
step 306, at the first location, the plurality of optical signals
are converted into a plurality of RF signals. At step 308 the
plurality of RF signals are distributed along the electrical
transmission line to a second location using surface wave
transmission. At step 310, at the second location, the plurality
of RF signals are converted to a first set of optical signals. At
Step 312 the first set of optical signals are distributed to a first
customer site using a passive optical network (PON).

FIG. 4 15 a flow chart for a method of forming a commu-
nications network in an example embodiment of the mven-
tion. At step 402 a communications network 1s formed for
distributing a first plurality of optical signals to a plurality of
customer sites by connecting a service node or a POP to a first
RFE/Optical converter using a first passive optical network
(PON). At step 404 the first plurality of optical signals are
converted into a plurality of RF signals at the first RF/Optical
converter. At step 406 the plurality of RF signals are distrib-
uted along an electrical transmission line to a plurality of
positions along the electrical transmission line using surface
wave transmission. At step 408 the plurality of RF signals are
converted at the plurality of positions into a second plurality
of optical signals using a plurality of RF/Optical converters.
At step 410 the second plurality of optical signals are trans-
terred to the plurality of customer sites using a plurality of
PONSs. In one example embodiment of the invention the com-
munication network forms a linear add/drop topology. In
another example embodiment the communications network
forms a ring topology. Other topologies are also possible.

FI1G. 5 1s a block diagram of a communications system 500
in an example embodiment of the mvention. Communication
system 500 comprises an electrical transmission line 502.
Electric transmission line 502 1s typically part of an electrical
distribution system. A surface wave transmission system 504
1s attached to the electrical transmission line and configured
to transmit a plurality of RF signals along the electrical trans-
mission lines using surface wave transmission. The surface
wave transmission system 504 may comprise a plurality of
surface wave transmitters place along the electrical transmis-
sion line. In one example embodiment of the ivention, the

RF signals may be between 800-900 MHz, 1850-1990 MHz,
2400-2485 MHz, 5800-5900 MHz, or the like. An RF/Optical
converter 506 1s placed at a position along the electrical
transmission line that corresponds to part of the surface wave
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transmission system 504. RE/Optical converter 506 1s con-
nected to the surface wave transmission system and 1s con-
figured to convert the plurality of RF signals propagated by
the surface wave transmission system into optical signals.
RF/Optical converter 506 may convert all or only a subset of
the plurality of RF signals mto optical signals. A band pass
filter may be used to separate the subset of signals to be
converted from the plurality of RF signals. RF/Optical con-
verter 506 1s connected to customer site 510 with a passive
optical network 508. The optical signals are propagated from
RFE/Optical converter 506 to the customer site 510 using the
PON. Using this system, high bandwidth signals can be dis-
tributed to a customer site.

FIG. 6 1s a block diagram of a communication system 1n
another example embodiment of the invention. Communica-
tion system 600 has service node or point of presence (POP)
612, RF/Optical converters 606 and 616, clectrical transmis-
s10on line 602, surface wave transmission system 604, passive
optical networks 608 and 616, and customer site 610.

Electric transmaission line 602 1s typically part of an elec-
trical distribution system (not shown). The surface wave
transmission system 604 1s attached to the electrical transmis-
s10on line and configured to transmit a plurality of RF signals
along the electrical transmission lines using surface wave
transmission. The surface wave transmission system 604 may
comprise a plurality of surface wave transmuitters place along
the electrical transmission line 602. In one example embodi-
ment of the invention, the RF signals may be between 800-
900 MHz, 1850-1990 MHz, 2400-2485 MHz, 5800-5900
MHz, or the like. A plurality of communication signals enter
communication system 600 at service node or POP 612.
Service node or POP 612 1s connected to PON 614. PON 614
connects service node or POP 612 to RF/Optical converter
616. Service node or POP 612 sends the plurality of commu-
nication signals along PON 614 to RF/Optical converter 616
as a plurality of optical signals. RF/Optical converter 616 1s
placed at a first position along the electrical transmission line
602 that corresponds to part of the surface wave transmission
system 604. RF/optical converter 616 1s configured to convert
the plurality of optical signals propagated by PON 614 into a
plurality of RF signals. REF/Optical converter 616 1s con-
nected to surface wave transmission system 604 and sends the
plurality of RF to surface wave transmission system 604.
Surface wave transmission system 604 1s configured to trans-
mit the plurality of RF signals along the electrical transmis-
s1on lines using surface wave transmission. RE/Optical con-
verter 606 1s placed at a second position along the electrical
transmission line that corresponds to part of the surface wave
transmission system 604. RE/Optical converter 606 1s con-
nected to the surface wave transmission system and 1s con-
figured to convert the plurality of RF signals propagated by
the surface wave transmission system into optical signals.
RF/Optical converter 606 may convert all or only a subset of
the plurality of RF signals mto optical signals. A band pass
filter may be used to separate the subset of signals to be
converted from the plurality of RF signals. RF/Optical con-
verter 606 1s connected to customer site 610 with a passive
optical network 608. The optical signals are propagated from
RF/Optical converter 606 to the customer site 610 using the
PON 608.

FIG. 7 1s a block diagram of a communication system 700
using linear topology 1n an example embodiment of the cur-
rent invention. The communication system 700 has a service
node or a POP 702 connected with RF/Optical converter 704
using PON 720. RF/Optical converter 1s connected to surface
wave transmission system 706. Surface wave transmission
system 706 links RF/Optical converter 704 to RF/Optical
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converter 708. Surface wave transmission system 706 also
links RF/Optical converter 708 to RF/Optical converter 714.
Customer location 712 1s connected to RE/Optical converter
708 by PON 710. Customer location 718 1s connected to
RF/Optical converter 714 by PON 716. There could be addi-
tional customer sites attached to the surface wave transmis-
s1on system with additional RF/Optical converters. FIG. 8 1s
a block diagram of a communication system using ring topol-
ogy 1n an example embodiment of the current invention.

I claim:

1. A method, comprising;:

distributing a plurality of optical signals over a first passive

optical network (PON) from a service node to a first
radio frequency (RF)/Optical converter coupled to an
clectrical transmission line;

converting the plurality of optlcal signals into a plurality of
RF signals at the first RF/Optical converter;

distributing the plurality of RF signals along the electrical

transmission line to a second RF/Optical converter using
surface wave transmission;
receiving the plurality of RF signals at the second RF/Con-
verter coupled to the electrical transmission line;

converting, at the second RF/Optical converter, a first sub-
set of the plurality of RF signals to a first set of optical
signals; and

distributing the first set of optical signals to a first customer

site using a second PON.

2. The method of claim 1 where a first band pass filter 1s
used to select the first subset of the plurality of RF signals
distributed along the electrical transmission line.

3. The method of claim 1 further comprising:

distributing the plurality of RF signals along the electrical

transmission line to a third RF/Optical converter using
surface wave transmission;
receiving the plurality of RF signals at the third RF/Optical
converter coupled to the electrical transmission line;

converting, at the third RF/Optical converter, a second
subset of the plurality of RF signals to a second set of
optical signals;

distributing the second set of optical signals to a second

customer site using a second PON.

4. The method of claim 3 where a second band pass filter 1s
used to select the second subset of the plurality of RF signals
distributed along the electrical transmission line.

5. The method of claim 3 where:

the electrical transmission line connects the first RE/Opti-

cal converter to the second RF/Optical converter;

the electrical transmission line connects the second
RF/Optical converter to the third RF/Optical converter;

and
the electrical transmission line connects the third RE/Op-

tical converter to the first RF/Optical converter forming

a ring topology.

6. The method of claim 3 where:
the electrical transmission line connects the first RF/Opti-
cal converter to the second RF/Optical converter;
the electrical transmission line connects the second
RE/Optical converter to the third RE/Optical converter
forming a linear add/drop topology.
7. The method of claim 1 further comprising:
distributing a plurality of optical signals from a point of
presence (POP) to the first RE/Optical converter using
the first PON.

8. The method of claim 1 where the plurality of RF signals
are 1n the frequency range between 800 MHz to 10 GHz.

9. The communication system of claim 1 further compris-
ng:
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6

a point of presence (POP) configured to transmit the plu-
rality of optical signals over the first PON to the first
RF/Optical converter.

10. A communication system comprising:

an electrical transmission line;

a service node configured to transmuit a plurality of optical
signals over a first passive optical network (PON) to a
first radio frequency (RF)/Optical converter coupled to
the electrical transmission line;

a surface wave transmission system configured to transmit
a plurality of radio frequency (RF) signals along the
clectrical transmission line using surface wave transmis-
s10N;

the first RF/Optical converter coupled to the electrical
transmission line, where the first RE/Optical converter 1s
configured to convert the plurality of optical signals into
the plurality of RF signals;

a second RF/Optical converter coupled to the electrical
transmission line, where the second RF/Optical con-
verter 1s configured to convert a first subset of the plu-
rality of RF signals mto a first set of optical signals;

a PON connected to the second RF/Optical converter;

the second PON connected to a first customer site and
configured to transmit the first set of optical signals
between the second RFE/Optical converter and the first
customer site.

11. The commumnication system of claim 10 where a first
band pass filter 1s used to select the first subset of the plurality
of RF signals distributed along the electrical transmission
line.

12. The communication system of claim 10 further com-
prising:

a third RF/Optical converter coupled to the electrical trans-

mission line, where the third RF/Optical converter is

configured to convert a second subset of the plurality of
RF signals into a second set of optical signals;

a third PON connected to the third RF/Optical converter;

the third PON connected to a second customer site and
configured to transmit the second set of optical signals
between the third RF/Optical converter and the second
customer site.

13. The communication system of claim 12 where a second
band pass filter 1s used to select the second subset of the
plurality of RF signals distributed along the electrical trans-
mission line.

14. The communication system of claim 12 where:

the electrical transmission line connects the first RE/Opti-
cal converter to the second RF/Optical converter;

the electrical transmission line connects the second
RE/Optical converter to the third RF/Optical converter;
and

the electrical transmission line connects the third RE/Op-
tical converter to the first RF/Optical converter forming
a ring topology.

15. The communication system of claim 12 where:

the electrical transmission line connects the first RE/Opti-
cal converter to the second RF/Optical converter;

the electrical transmission line connects the second
RF/Optical converter to the third RF/Optical converter
forming a linear add/drop topology.

16. The communication system of claim 10 where the

plurality of RF si1gnals are 1n the frequency range between 800
MHz to 10 GHz.
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